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(54) Power source control method for a hybrid-driven mobile body 



(57) A power source control method for a hybrid- 
driven mobile body comprising a motor type power sys- 
tem for travelling, and a fuel cell and a secondary bat- 
tery as power sources for supplying electric power in 
response to load of said power system. To a varying 
load, electric power corresponding to a base load por- 



tion at a given level and with a substantially small varia- 
tion is supplied from the fuel cell and electric power 
corresponding to a varying load portion is supplied from 
the secondary battery. 
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Description 

[0001] This invention relates to a power source con- 
trol method for a hybrid-driven mobile body comprising 
a motor type power system for travelling, and a fuel cell 
and a secondary battery as power sources for supplying 
electric power in response to load of said power system 
which may be applied to vehicles, watercrafts, or the 
like, and particularly to a power source control method 
for a hybrid-driven mobile body with a fuel cell and a 
secondary battery as power sources. 
[0002] A hybrid type motor-powered vehicle has 
been developed for the purpose of reducing pollution 
due to vehicles in which an electric motor is used for 
driving the vehicle, and two kinds of devices are pro- 
vided and combined as power sources of the vehicle, 
one of which is a secondary battery (battery), such as a 
lead battery, capable of supplying electric power to the 
electric motor in quick response to load change, as well 
as of charging, and the other of which is a fuel cell 
adapted to use easily-supplied fuel and having low pol- 
lution properties. Regarding such a hybrid-driven vehi- 
cle, two types of fuel cells are contemplated, one of 
which uses hydrogen gas in a hydrogen gas reservoir 
. as fuel, and the other of which uses hydrogen gas gen- 
erated in a reformer, with methanol, methane or butane 
as primary fuel. 

[0003] In such a hybrid-driven vehicle, a vehicle 
controller is provided for drivingly controlling the motor 
in an optimum condition by supplying electric power effi- 
ciently according to the operating conditions after 
switching on of the power source. Modules constituting 
the equipment such as a motor, a fuel cell and a battery 
are provided with sensors for detecting data, such as 
temperature, rpm or a state of voltages and currents, 
corresponding to the modules necessary for drive con- 
trol of the vehicle, respectively, and the vehicle control- 
ler calculates required electric power or expected travel 
distance according to the detected output, for control of 
charging/discharging the battery, output of the fuel cell, 
or motor driving. 

[0004] In the hybrid-driven vehicle described above, 
especially in a small vehicle such as a motor bicycle, 
load variation (required load due to manipulation of 
accelerator, or changes in external load due to slope or 
irregularities of the road) to the motor is great, and quick 
response is required. 

[0005] However, the fuel cell, if using pure hydrogen 
in the hydrogen reservoir, may cause delayed response 
due to inertia of the hydrogen gas flow, or pulsation in 
the short-time variation of the hydrogen gas flow, with 
unstable output, and if using reformed hydrogen, it is 
unable to increase the output immediately at the time of 
starting or sudden load increase because of poor 
response of the refonmer, with the result that the quick 
response power characteristics might not be achieved. 
[0006] Therefore, it is contemplated that electric 
power is supplied at the time of sudden load increase by 



a hybrid system with a battery to cope with the delayed 
response of the fuel cell, but while the output of the fuel 
cell is being raised, load to the battery becomes exces- 
sive, so that the battery capacity may fall abruptly, rais- 

5 ing a problem of failing of ensuring necessary travel 
distance or shorter battery life. 
[0007] . Therefore, it is an objective of this invention 
to provide a power source control method for a hybrid- 
driven mobile body capable of coping with load change 

70 by making proper use of power sources according to the 
characteristics of a fuel cell and a battery, ensuring a 
stable running, and preventing capacity shortage and 
deterioration of the battery. 

[0008] In order to achieve the foregoing object, in 

75 this invention is provided a power source control 
method for a hybrid-driven mobile body comprising a 
motor type power system for travelling, and a fuel cell 
and a secondary battery as power sources for supplying 
electric power in response to load of said power system, 

2o wherein to a varying load, electric power corresponding 
to a base load portion at a given level and with a sub- 
stantially small variation is supplied from the fuel cell 
and electric power corresponding to a varying load por- 
tion is supplied from the secondary battery. 

25 [0009] According to this arrangement, the fuel cell 
constantly bears a load of a given level as a base load 
portion, and the secondary battery (battery) bears a 
varying load portion exceeding the base load portion. 
Therefore, electric power is supplied from the fuel cell 

30 with constant stability for the base load portion which is 
constant or varies slowly according to the operating 
mode, while electric power is supplied from the battery 
for the finely varying load portion exceeding the base 
load portion, thereby decreasing burden of the battery, 

35 preventing abrupt capacity drop or deterioration of the 
battery, and ensuring stable running by sharing the 
whole load efficiently between the fuel cell and the bat- 
tery. 

[0010] In a preferred arrangement, the base load 
40 portion is increased when the capacity of the secondary 
battery is smaller than a specified value, and the base 
load portion is decreased when the capacity is larger 
than a specified value. 

[0011] According to this arrangement, the remain- 
45 ing capacity of the secondary battery is metered, and if 
the remaining capacity is smaller than a specified value, 
the base load portion is raised to increase power supply 
by the fuel cell beyond the actual load so as to charge 
the battery, while if the remaining capacity is larger than 
50 a specified, value, the base load portion is lowered to 
decrease power supply by the fuel cell and to increase 
the battery load share so as to discharge the battery, so 
that the capacity of the battery is maintained in a proper 
condition. 

55 [0012] In another preferred anBngement, electric 
power is supplied continuously from the fuel cell after 
stoppage of travelling. 

[0013] According to this arrangement, power gener- 
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ation by the fuel cell continues when the mobile body 
stops running temporarily, so that the battery can be 
charged, ensuring a stable driving after starting. 
[0014] Other preferred embodiments of the present 
invention are laid down in further dependent claims. 
[0015] In the following, the present invention is 
explained in greater detail with respect to several 
embodiments thereof in conjunction with the accompa- 
nying drawings, wherein: 

Fig. 1 is a view of external appearance of a hybrid- 
driven vehicle according to an embodiment of this 
invention; 

Fig. 2 shows structural views of a hybrid- driven 
vehicle according to another embodiment of this 
invention; 

Fig, 3 is block diagram of the control system of the 
hybrid-driven vehicle according to the embodiment 
of this invention; 

Fig. 4 is a structural diagram of a portion of a fuel 
cell unit according to this invention; 

Fig. 5 is a structural diagram of the power source 
control system according to this invention; 

Fig. 6 is an illustration of the control system of the 
hybrid-driven vehicle according to this invention; 

Fig, 7 is a flowchart of the control operation of the 
whole vehicle by a vehicle controller according to 
the embodiment of this invention; 

Fig. 8 is flowchart showing steps continued from the 
flowchart of Fig. 7; 

Fig. 9 is a flowchart of the operation control of a fuel 
cell according to this invention; 

Fig. 10 is a graph, illustrating burden ratios of a 
power source in a power source control method for 
a motor-powered vehicle according to an embodi- 
ment of the invention; 

Rg.1 1 is a flow chart for the power source control 
method according to the invention; 

Fig. 12 is a graph, showing the change of battery 
capacity in Fig.11; 

Fig. 13 is a graph, showing the change of battery 
capacity in the power source control method of the 
invention; 

Fig. 14 is a graph, showing patterns of load change 
according to another embodiment of the invention; 
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Rg.1 5 is a flow chart, showing a subroutine of gen- 
eration control for determining a temporary stop- 
page and charging the battery; 

5 Fig.16 is a graph, showing the change of the battery 

capacity.during temporary stoppage; and 

Rg.1 7 is a flow chart of another embodiment of the 
invention. 

10 

[0016] Now, an embodiment of this invention will be 
described below with reference to the drawings. 
[0017] Fig. 1 is a general structural view of a hybrid- 
driven vehicle according to an embodiment of this 

15 invention. The hybrid-driven vehicle 1 of this embodi- 
ment is applied to a motor bicycle. The hybrid-driven 
vehicle 1 is provided with a hybrid-driven system 2. The 
hybrid-driven system 2 comprises an electric motor unit 
3, a transmission 4, a vehicle controller 5, a battery unit 

20 6 and a fuel cell unit 7. 

[0018] A fuel cell sub-unit 7a comprised mainly of a 
fuel cell and a reformer, is disposed rearwardly of a seat 
8 and upwardly of a drive wheel 9. In front of the seat 8 
and between the seat and a front fork 12 for steering a 

25 steering wheel 1 1 , is disposed a methanol tank 13. The 
methanol tank 1 3 is provided with a filler cap 14. 
[0019] The hybrid system comprised of a fuel cell in 
the fuel cell sub-unit 7a and a battery in the battery unit 
6 is adapted to drive an electric motor in the electric 

30 motor unit 3 to rotate the drive wheel 9. 

[0020] In Fig. 1, the fuel cell sub-unit comprised 
mainly of a fuel cell body and the reformer may be dis- 
posed at a position shown by numeral 1 3, and the meth- 
anol tank, at a position shown by numeral 7. 

35 [0021] Fig. 2(A) is a view of an example of another 
type of hybrid-driven motor bicycle, and Fig. 2(B) is a 
structural view of a hydrogen supplying device for the 
fuel cell. 

[0022] The hybrid-driven vehicle 1 has a vehicle 
40 controller 5 and a battery unit 6 under a seat 8; under a 
vehicle controller 5 is provided an electric motor unit 3; 
and in front thereof is provided a fuel cell sub-unit 7b 
comprised mainly of a fuel cell. On a carrier to the rear 
of the seat 8 is provided a hydrogen supplying device 15 
45 for supplying hydrogen for power generation to the fuel 
cell sub-unit 7b. 

[0023] The hydrogen supplying device 15, as 
shown in Fig. 2(B), is provided with a hydrogen bombe 
16 together with a methanol tank 13, and with a fan 17 

50 and a burner 18 for supplying combustion air, and fur- 
ther with a reformer 19 for producing hydrogen through 
catalyst, wrth primary fuel being heated and vaporized. 
[0024] Fig. 3 is a schematic block diagram to the 
whole of the power transmission system and the control 

55 system mounted on the hybrid-driven vehicle according 
to this invention. 

[0025] The hybrid-driven vehicle 1 is provided with 
a main switch SW1 . a seat 8, a stand 20, a foot rest 21 , 
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an acceleration grip 22, a brake 23, an indicator 24, a 
lamp unit 25 including a light a winker, etc, a user Input 
device 26, a non-volatile memory 27 and a timer 28, and 
further with an electric motor unit 3, a transmission 4, a 
vehicle controller 5, a battery unit 6 and a fuel cell unit 7. 5 
[0026] ON/OFF signals are sent from the main 
switch SW1 to the vehicle controller 5 to drive the motor- 
powered vehicle. To the seat 8, stand 20, foot rest 21 
and brake 23 are fitted sensors Si -S4, respectively, and 
ON/OFF signals are sent from these sensors S1-S4 to 10 
the vehicle controller 5, where the respective operating 
conditions are detected. 

[0027] The accelerator grip 22 constitutes output 
setting means, and to the accelerator grip 22 is fitted an 
accelerator opening sensor S5, from which signals of 15 
accelerator opening are sent to the vehicle controller 6 
through gripping manipulation of the driver. The electric 
motor is controlled according to accelerator opening. 
The vehicle controller 5 constitutes control means for 
controlling the output of the electric motor based on the 20 
output setting value from the output setting means con- 
stituted by the accelerator grip 22. 
[0028] Tlie driver is able to input various data from 
a user input device 26 to the vehicle controller 5 to 
change, for example, the operating characteristics of 25 
the vehicle. Also, data are transferred between the non- 
volatile memory 27 and timer 28 and the vehicle control- 
ler 6, that is, to the non-volatile memory 27 is stored the 
infonnation of the operating conditions of the vehicle at 
the time of stoppage, and the vehicle controller 5 reads 30 
the information of the stored operating conditions for 
control when operation is started. 
[0029] The indicator 24 is driven by indicator- 
ON/OFF signals from the vehicle controller 5 and the 
operating conditions of the motor-powered vehicle are 35 
indicated on the indicator 24. The lamp unit 25 including 
a light, winker, etc is comprised of lamps 25b of the light, 
winker, etc. Activation-ON/OFF signals from the vehicle 
controller 5 drive a DC/DC converter 25a to light the 
lamps 25b. 4o 
[0030] The electric motor unit 3 is provided with a 
motor driver 30, an electric motor 31 connected to the 
drive wheel 9, an encoder 32, a regenerative current 
sensor S1 1 and regenerative energy control means 33. 
The motor driver 30 controls the electric motor 31 45 
through duty signals from the vehicle controller 5, and 
the drive wheel 9 is driven by the output of the electric 
motor 31. The encoder 32 detects the position of the 
magnetic poles and the number of revolution of the elec- 
tric motor 31 . Information of the motor speed from the so 
encoder 32 is stored in a memory in the motor driver 30 
to be sent to the vehicle controller 5 as required. Output 
of the electric motor 31 is changed in its speed by the 
transmission 4 to drive the drive wheel 9, and the trans- 
mission 4 is controlled by speed-change command sig- 55 
nals from the vehicle controller 5. The electric motor 31 
is provided with a motor voltage sensor or a motor cur- 
rent sensor S7, and information of the voltages and cur- 



rents of the motor is stored in a memory in the motor 
driver to be sent to the vehicle controllers as required. 
[0031] The battery unit 6 is provided with a battery 
60, a battery controller 61' and a battery relay 62. The 
fuel cell unit 7 is provided with a fuel cell 70 constituting 
power generating means, a fuel cell controller 71, a 
reverse current prevention element 72 and a fuel cell 
relay 73. There provided are a first power supply path 
LI allowing supply of the output current from the fuel 
ceil 70 to the battery 60 and a second power supply 
path 12 allowing supply of the output cun-ent from the 
battery 60 to the electric motor 31 , and electric power is 
supplied through an electric power regulating section 
80. 

[0032] The battery controller 61 is provided with 
detection means for detecting the charging state of the 
battery 60, and the detection means is comprised of a 
battery temperature sensor SI 2, a battery voltage sen- 
sor 81 3 and a battery current sensor 81 4, and informa- 
tion from these sensors is stored in a memory in the 
battery controller 61 to be entered in the vehicle control- 
ler 5 as required. The battery relay 62 is activated by 
ON/OFF signals from the vehicle controller 5 to control 
electric power supply from the second power supply 
path L2. 

[0033] Communication data are sent from the vehi- 
cle controller 5 to the fuel cell controller 71, and the fuel 
cell controller 71 controls the fuel cell 70 on the basis of 
these data. The fuel cell controller 71 is provided with 
detection means for detecting the state of the fuel cell 
70. The detection means is comprised of various tem- 
perature sensors 821, a fuel cell voltage sensor 822 
and a fuel cell cun'ent sensor 823, and infonnation from 
these sensors is stored in a memory in the fuel cell con- 
troller 71 to be entered in the vehicle controller 5 as 
required. The fuel cell relay 73 connected to the fuel cell 
controller through rectifier diode (reverse cunent pre-* 
vention element) 72 Is activated by ON/OFF signals 
from the vehicle controller 5 to control electric power 
supply from the first power supply path LI . 
[0034] Fig. 4 is a structural diagram of a portion of a 
fuel cell according to an embodiment of this invention. 
[0035] The fuel cell unit 7 in this embodiment com- 
prises a methanol tank 1 02, a reformer 1 03, a shift con- 
verter 104, a selective oxidation reactor 105, a fuel cell 
70, a moisture collecting heat exchanger 1 07, a water 
tank 108 and a fuel cell battery controller 71, various 
devices such as valves, pumps and fans, and sensors. 
The fuel cell controller 71 is connected to the devices 
such as valves, pumps and fans, and sensors. The 
reformer 103, shift converter 104, selective oxidation 
reactor 105 and fuel cell 70 are provided with tempera- 
ture sensors Tr, Tb, Ts. Tp, Tc, and the temperature of 
these components is controlled properly by the fuel cell 
battery controller 71 (Fig. 3) through temperature detec- 
tion. 

[0036] The refomier 103 is provided with a burner 
11 0, an evaporator 1 1 1 and a catalyst layer 1 1 2. To the 
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burner 1 10 is supplied methanol from the methanol tank 
102 by a burner pump 1 13 activated through tempera- 
ture detection by the temperature sensor Tb, and air by 
a burner fan 1 1 4, and the evaporator 1 1 1 is heated by 
combustion action of the mixture. The double circle in 5 
the figure represents an air Inlet. To the evaporator 111 
is supplied methanol fed from the methanol tank 1 02 by 
the methanol pump 115, and water fed from the water 
tank 108 by the water pump 116, with methanol and 
water mixed together. The burner 1 1 0 heats the evapo- fo 
rator 1 1 1 to vaporize the fuel mixture of methanol and 
water, and the vaporized fuel mixture In the evaporator 
1 1 1 is supplied to the catalyst layer 1 1 2. 
[0037] To the burner 110 is supplied surplus (or 
bypassing) hydrogen from the fuel cell 70 through a line 15 
201 for combustion. The combustion heat of the burner 
110 vaporizes primary fuel (raw material) composed of 
methanol and water, and heats the catalyst layer 1 12 to 
maintain its temperature at a value required for catalytic 
reaction. Combustion gas, and air not involved in the 20 
reaction are discharged to the outside through an 
exhaust passage 202. 

[0038] The catalyst layer 1 12 is made, for example, 
of Cu-base catalyst, and resolves the mixture of metha- 
nol and water into hydrogen and carbon dioxide at a cat- 25 
alyst reaction temperature of about 300 as follows: 

CH3OH + .H2O ^ 3H2 + CO2 

[0039] in the catalyst layer, a very small amount 30 
(about 1%) of carbon monoxide is produced: 

CH30H^2H2 + CO 

[0040] Since this CO is adsorbed by catalyst in the 35 
cell 70 and lowers electromotive force reaction, its con- 
centration is lowered in the shift converter 104 and the 
selective oxidation reactor 1 05 on the latter stage, and 
in the cell 70, to the order of one thousand to some tens 
of ppm. 40 
[0041] In the shift converter 104, carbon monoxide 
in the resolved gas is turned to C02 at a reaction tem- 
perature of about 200 °C in the following chemical reac- 
tion by surplus water vapor: 

45 

CO + H2O Hg + CO2 



and CO concentration is lowered to the order of about 

0.1%. 

[0042] In the selective oxidation reactor 105. CO is 
further changed chemically to C02 at a catalyst temper- 
ature of about 120 "^C using platinum-base catalyst in 
the oxidation reaction as: 



2C0 + 02->2C02 

and its concentration is reduced further to 1/10 of the 
previous value or smaller. Thus, the CO concentration in 
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the cell 70 can be lowered to the order of some tens of 
ppm, 

[0043] The reformer 103 allows raw material to be 
reformed so as to produce hydrogen as described 
above, and the hydrogen acquired is supplied to the fuel 
cell 70 through the shift converter 104 and the selective 
oxidation reactor 105. Between the refomier 103 and 
the shift converter 1 04 are provided a buffer tank 1 1 7 for 
absorbing pulsation and pressure change and switching 
valves 11 7a, 1 17b, and the hydrogen is returned to the 
burner 110 through activation of these switching valves 
1 1 7a, 1 1 7b. The shift converter 1 04 is cooled by a cool- 
ing fan 1 1 8 after temperature detection by the tempera- 
ture sensor Ts. Cooling air is discharged to the outside 
through an exhaust passage 203. 
[0044] Between the shift converter 104 and the 
selective oxidation reactor 105 are provided a buffer 
tank 124 and switching valves 124a, 124b, and hydro- 
gen is retumed to the burner 110 through activation of 
these switching valves. 

[0045] Hydrogen sent from the shift converter 104 
is mixed with air fed by a reaction air pump 1 1 9 to be 
supplied to the selective oxidation reactor 105. The 
selective oxidation reactor 1 05 is cooled by a cooling fan 
120 after temperature detection .by the temperature 
sensor Tp. The cooling air is discharged to the outside 
through an exhaust passage 204. 
[0046] Between the selective oxidation reactor 105 
and the fuel cell 70 are provided a buffer tank 121 and 
switching valves 121a, 121b, and hydrogen is returned 
to the burner 1 1 0 in the reformer 1 03 through activation 
of these switching valves. 

[0047] As a result of flow control of the switching 
valves 1 1 7a, 1 1 7b to the shift converter 1 04, that of the 
switching valves 124a, 124b to the selective oxidation 
reactor 105 and that of the switching valves 121a, 121b 
to the fuel cell 70, the amount of hydrogen supplied to 
the fuel cell 70 can be regulated for output control. 
Excessive oxygen is supplied in this case, so that output 
is controlled according to the amount of hydrogen. 
[0048] Such an output control is performed as fol- 
lows: required output is calculated by the vehicle con- 
troller 5 based on the data from sensors S21-S23 and 
the detected data of the operating conditions from other 
various sensors, the flow rate of each switching valve is 
calculated by the vehicle controller 5 or the fuel cell con- 
troller 71 based on the calculation results, taking 
account of the time lag required for the hydrogen quan- 
tity in the cell to be changed after activation of the 
switching valve, on the basis of which ON/OFF control 
or opening control of each switching valve is performed 
by the fuel cell controller 71 . In this case, a larger supply' 
quantity of the primary fuel such as methanol may 
increase the amount of evaporation of hydrogen to 
thereby increase output, in which case time lag is pro- 
duced by the time hydrogen is increased in quantity 
enough to participate in power generation. Such a time 
lag is compensated for by the electric power from the 
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battery. 

[0049] To the fuel cell 70 is supplied water from the 
water tank 108 by a cooling and humidifying pump 122, 
and air is supplied from the moisture collection heat 
exchanger 107 by a pressurizing air pump 123 through 
temperature detection of the temperature sensor Tc. 
Using the water, air and hydrogen, power generation is 
perfonned in the fuel cell 70, as described below. 
[0050] TTie fuel cell 70 is configured such that elec- 
trodes are each formed with, for example, a platinum- 
base porous catalyst layer (not shown) provided on both 
sides of a cell film (not shown) with a cooling and humid- 
ifying water passage 205 formed therein. To one elec- 
trode is supplied hydrogen from the selective oxidation 
reactor 105 through a hydrogen passage 206, and to 
the other electrode, oxygen (air) through an oxygen 
passage 207. Hydrogen ions move from the hydrogen 
passage 205 of the hydrogen side electrode to the oxy- 
gen side electrode through the cell film and are com- 
bined with oxygen to form water. The migration of 
electrons (-) associated with the migration of the hydro- 
gen ions (4-) allows an electric current to flow between 
the electrodes for power generation. 
[0051] This power generating reactor is a heat 
development reactor, and for the purpose of cooling and 
smooth migration of hydrogen ions to the oxygen side 
electrode, water is supplied from the water tank 1 08 to 
the water passage 205 in the cell film between both 
electrodes by the pump 122. The water which has 
passed through the water passage 205 and increase in 
temperature, exchanges heat with air in the heat 
exchanger 1 07 and returns to the water tank 108. The 
water tank 1 08 is provided with a radiation fins 208 for 
cooling water. Numeral 20 designates an overflow pipe, 
[0052] Air is introduced to the heat exchanger 107. 
The air, after exchanging heat with water at an elevated 
temperature, is turned to a hot air, and supplied to the 
oxygen passage 207 by the air pump 1 23. As a result of 
the hot air being supplied, combining reaction with 
hydrogen ions is accelerated, providing effective elec- 
tromotive force reaction. Therefore, an air inlet (shown 
in the figure by a double circle) is preferably provided in 
the vicinity of the selective oxidation reactor 105 or the 
catalyst layer 1 12 where the foregoing high temperature 
catalytic reaction takes place. 

[0053] Oxygen in the air passing through the oxy- 
gen passage 207 and combined with hydrogen ions is 
turned into water and collected in the water tank 108. 
The surplus air (oxygen and nitrogen) is discharged to 
the outside through an exhaust passage 210. 
[0054] Water used in the fuel cell 70 and water pro- 
duced by power generation as described above, 
exchange heat with cooling air in the moisture collecting 
heat exchanger 107 and is returned to the water tank 
1 08. Also, the surplus hydrogen used for power genera- 
tion in the fuel cell 70 is returned to the burner 1 10 of the 
reformer 103 through a valve 21 1 and a line 201 . 
[0055] As described above, in the fuel cell unit 7. by 



TO 

i 

means of the refonner 1 03 in which the evaporator 1 1 1 
is heated by the burner 1 1 0 and raw material vaporized 
by the evaporator 1 1 1 is supplied to the catalyst layer 
112, the raw material is reformed to produce hydrogen, 

5 and the hydrogen acquired is supplied to the fuel cell 70 
through the shift converter 1 04 and the selective oxida- 
tion reactor 105 for power generation. In this case, 
hydrogen acquired from the selective oxygen reactor 
1 05 may be stored, as shown in Fig. 2(B), temporarily in 

10 the hydrogen bombe 1 6. 

[0056] The output of the fuel cell 70, as shown in 
Fig. 3, is connected to the power regulating section 80 
through the reverse current prevention element 72 and 
the fuel cell battery relay 73, and the power regulating 

15 section 80 is connected to the battery 60 and the elec- 
tric motor 31 . 

[0057] Although, in the foregoing embodiments a 
reformer 103, a shift converter 1 04, a selective oxidation 
reactor 105, etc are used for producing hydrogen gas 

20 with methanol as a row material, any one of gasoline, 
methane and butane may be held in a tank and a 
reformer 1 03 carrying catalyst corresponding to the raw 
material, a shift converter 104, a selective oxidation 
reactor 1 05, etc, may be used to produce hydrogen gas 

25 for the fuel cell 70. In addition, a fuel cell unit 7 may be 
comprised mainly of a fuel cell and a hydrogen gas 
bombe containing a hydrogen-gas storing alloy, and this 
hydrogen bombe may be mounted exchangeably on the 
fuel cell unit 7. In this case, the hydrogen bombe is filled 

30 with hydrogen gas of high purity produced for industrial 
use in a factory. 

[0058] Fig. 5 is a block diagram of the power source 
control system of the hybrid-driven vehicle according to 
this invention. 

35 [0059] The vehicle controller 5 is connected to the 
electric motor unit 3, battery unit 6 and fuel cell unit 7 
through two-way communication lines 220, 221 , 222, 
respectively The fuel cell unit 7 is connected to the elec- 
tric motor unit 3 through {+) side cun-ent line 223a and (- 

40 ) side current line 223b. On the (+) side current line 
223a is provided a switch 225. This switch 225 is turned 
ON and OFF by the vehicle controller 5. 
[0060] The battery unit 6 is connected to the electric 
motor unit 3 through the (+) side cun-ent line 223a and 

45 the (-) side cun-ent line 223b which are directly con- 
nected to the (4-) side current line 224a and (-) side cur- 
rent line 224b, respectively. On the (+) side current line 
224a is provided a switch 226. This switch 226 is turned 
ON and OFF by the vehicle controller 5. 

50 [0061] The electric motor unit 3 is a unit in which a 
motor driver 30, an encoder and sensors, as well as an 
electric motor 31 (Fig. 3), are integrated together as a 
module. Such an electric motor unit 3 can be mounted 
detachably on a vehicle as a unitary component. There- 

55 fore, the two-way communication line 220 and the cur- 
rent lines 223a, 223b, 224a, 224b are each adapted to 
connect the electric motor unit 3 and the vehicle control- 
ler through the respective couplers (not shown). 
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[0062] Detected data such as the operating condi- 
tions of the electric motor unit 3 (for example, number of 
revolution), throttle opening, running speed, request 
load, temperature and shift position are sent to the vehi- 
cle controllers to update the memory in the vehicle con- 
troller 5 for storage. 

[0063] The battery unit 6 is a unit in which a battery 
controller 61 , sensors S12-S14 and a relay 52, as well 
as a battery 60 as shown in Rg. 3, are integrated 
together as a module. Such a battery unit 6 can be 
mounted detachably on a vehicle as a unitary compo- 
nent. Therefore, the two-way communication line 221 
and the current lines 224a, 224b are connected to the 
battery controller 61 of the battery unit 6 through cou- 
plers (not shown). 

[0064] The battery controller 61 has a memory, to 
which are stored the data of the battery unit conditions 
such as temperature, voltage and current, and the 
remaining capacity of the battery 60 while updated con- 
stantly. Thus, the data can be transferred through two- 20 
way communication between the battery controller and 
the vehicle controller to supply required power during 
running, and when the battery 60 is replaced, the 
remaining capacity can be immediately recognized by 
the vehicle controller for processing of expected travel 25 
distance, etc. 

[0065] The fuel cell unit 7 is a unit in which a fuel 
cell controller 71, sensors S21-S23 (Fig. 3) and a relay 
52, as well as the fuel cell 70, reformer, etc, are inte- 
grated together as a module. Such a fuel cell unit 7 can 30 
be mounted detachably on a vehicle as a unitary com- 
ponent. Therefore, the two-way communication line 222 
and the cun-ent lines 223a, 223b are connected to the 
fuel cell controller 71 of the fuel cell unit 7 through cou- 
plers (not shown). 35 
[0066] The fuel cell controller 71 has a memory, to 
which are stored the data of the fuel cell unit conditions 
such as temperature, voltage and current, and the 
capacity (specifically, the remainder in the methanol 
tank) of the fuel cell while updated constantly. Thus, the 40 
data can be transferred through two-way communica- 
tion between the fuel cell controller and the vehicle con- 
troller to supply required power during running, and 
processing of expected travel distance, etc can be per- 
formed. 45 
[0067] Although in the embodiment in Fig. 5, a fuel 
cell and a battery are used for two power supply 
sources constituting the hybrid-driven vehicle, two fuel 
cells or two batteries (second batteries) may be used, or 
an engine type generator or a capacitor may be used. In so 
addition, this invention can be applied to watercrafts or 
other equipment in addition to vehicles. 
[0068] Fig. 6 is an illustration of data communica- 
tion in the control system of the hybrid-driven vehicle 
according to this invention. 55 
[0069] The vehicle controller 5 transmits, to the 
electric motor unit 3 (encoder 32 and other sensor 
group), battery controller 61 and fuel cell controller 71. 
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request signals of various data stored in the memories 
of the controllers. Upon this data request, required data 
are sent back to the vehicle controller 5 from the sensor 
group of the electric motor unit 3, and the controllers 61 , 
5 71. The contents of the data Include the state informa- 
. tlon such as temperature, voltage, current, error infor- 
mation and capacity, and the control information such 
as output request. 

[0070] In this case, the vehicle controller 5 calcu- 
10 lates, on the basis of the data from the sensor group 
and the controllers 61 , 71 , the optimum amount of drive 
to the units, and the data of the amount of drive are 
sent, as operation command data, to the motor driver 30 
and controllers 61, 71 for the control of the electric 
75 motor unit 3, battery unit 6 and fuel cell unit 7. 

[0071] Fig. 7 and Rg. 8 are flowcharts of the control 
carried out by the vehicle controllers. 
[0072] The operation of each step is described 
below. 

a1 : Set various flags, motor duty data, etc at prede- 
termined initial values. 

a2: Read driving information of the motor-powered 
vehicle in the past from the non-volatile memory 27. 
a3: Stand by in a condition where a weak current 
necessary for execution of the program, operation 
check of the main switch and check for a timer sig- 
nal, flows through the system, that is, in a small 
power condition. 

a4: Determine whether there exists a timer signal 
outputted at given time intervals (for example, every 
one hour) by the timer operated by the CPU on the 
battery side, or an ON-operating signal of the main 
switch mounted to the vehicle body. 

a5: Cancel the small power condition of a3 if any 
external signal (timer signal or main switch signal of 
a4) exists. 

a6: Determine the type of the external signal, and 
proceed to step a11 if the ON-operation signal 
exists, and to step a7 if the timer signal exists. 
a7: Check the battery capacity data written in the 
RAM in the battery controller 61 . 
aS: Determine whether or not the secondary bat- 
tery needs to be charged on the basis of the battery 
capacity data of a7. 

a9: If no charging is necessary, calculate the 
amount of discharge from the battery. 

a1 0: Update the battery capacity data in the RAM in 
the battery controller 61 . 

a1 1 : Capture any written data of a schedule of the 
next riding. 

a12: Capture a detection signal from each sensor. 
Capture any enforced fuel cell OFF-operation sig- 
nal of the driver. 

a13: Enter the data of detected signals, captured in 
a1 2, of voltage, current and temperature of the sec- 
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ondary battery. 

a14: Calculate the capacity of the secondary bat- 
tery after correction based on the input data. 
a1 5: Calculate the command value of power gener- 
■ ation of the fuel cell by using a map or a calculation s " 
formula based on the detected temperature data or 
capacity data on the battery side. 
a16: send a power generation stopping command 
value or power generation quantity command value 
to the fuel cell. 10 

a17: Receive data from the fuel cell. They are the 
data of the operating conditions (power generation 
quantity, temperature, output voltage and current, 
etc) of the fuel cell and the data of an abnormal flag 15 
which shows "1" when abnormality is detected in 
the operating conditions of the fuel cell. 
a1 8: Determine whether the main switch is ON or 
OFF. 

a1 9: Determine whether the vehicle is in the state of 20 
riding or off-riding. It is determined to be the state of 
riding when either ON-detection information of the 
seat switch or ON-detection infomnation of the 
stand switch exists. 

a20: Detennine abnormality depending on whether 25 
the abnormal flag of the fuel cell is "1 " or "0." 

a21 : Turn ON the relay if the fuel cell is in a normal 
condition. 

a22: Check if the abnormal flag of the secondary 30 
battery which shows "1" at the time of abnormality, 
is "1 " or "0," and determine whether or not the sec- 
ondary battery is in a normal condition. 
a23: Turn ON the relay if the secondary battery is in 
a normal condition. 35 
a24: Turn OFF the relay if the fuel cell is in an 
abnormal condition, 

a25: Turn OFF the relay if the secondary battery is 
in an abnormal condition. 

a26: Turn OFF both relays of the fuel cell and the 40 
secondary battery if the vehicle is in the state of off- 
riding. 

a27: Indicate the contents of abnormality on display 
in the meter panel. 45 
a28: Enter a current value of the motor. The motor 
current value is set at zero during charging of the 
battery by the fuel cell in the state of main switch- 
OFR 

a29: Enter a motor current command value. The so 

motor current command value is larger for a wider 

throttle angle of the throttle lever. 

a30: Output the duty value of the motor. The duty 

value is a command value used for driving the 

motor and a function of the motor cun-ent command 55 

value, and shows qualitatively a larger value for a 

larger motor current command value. 

a31 : Detemiine whether the main switch is ON or 
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OFF 

a32: Determine whether charging operation is 
underway or stopped. It is when the battery is in the 
state of full-charge and the relay is OFF due to 
abnonnality on the battery or the fuel cell that the 
charging operation is stopped. 
a33: Write the battery capacity in the non-volatile 
memory. This data is written at step a2. 
a34: Determine whether the battery is ON or OFF If 
the battery is ON, continue the program even when 
the vehicle is left with the main switch OFF to per- 
form capacity control of the battery and charging 
control by the fuel cell. 

[0073] Fig. 9 is a flowchart of the operation control 
of the fuel cell. 

[0074] The operation of each step is described 
below. 

b1: Set various flags, etc at predetermined initial 
values. 

b2: Stand by in a condition where a weak current 
necessary for execution of the program, operation 
check of the main switch and check for a timer sig- 
nal, flows through the system, that is, in a small 
power condition. 

b3: Determine whether or not an external starting 
signal from the vehicle controller for starting the fuel 
cell exists. 

b4: Cancel the small power condition of b2 if any 
external signal exists. 

b5: Perform starting processing (warm up) of the 
fuel cell. This is an operation which enables hydro- 
gen gas supply mainly from the reformer, 
b6: Determine whether or not the fuel cell is ready 
for electric power supply. 

b7: indicate to the driver on the display that the fuel 
cell is in the state of readiness. 
bS: Enter temperature information detected by tem- 
perature sensors Tr, Ts, Tp, Tc of the respective 
portions of the fuel cell. 

b9: Control the portions such that the temperature 
thereof fails in a proper range. 
b1 0: Receive from the motor-driven vehicle a com- 
mand data of whether or not preparation of power 
generation is to be continued. 
b1 1 : Determine from the received data whether or 
not preparation of power generation is to be contin- 
ued. If determined to be continued, return to Step 
b6 and hold the state of readiness, If receiving data 
is stopped or power generation stopping command 
is received, proceed to Step b21. 

bl2: Receive from the motor-driven vehicle a com- 
mand data of whether or not power generation is 
performed. 

b1 3: Determine from the received data whether it is 
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a data of power generation stoppage, data suspen- 
sion or abnormal receiving due to noise, or a power 
generating command and a power generation 
quantity data. 

b14: Measure the duration of the abnormal receiv- 
ing or the abnormal condition of the fuel cell. 
. b15: Control the cooling wind by the fans 118, 119 
(Fig. 4 and Fig. 9) if the power generating command 
is received. 

b16; Perform power generation by the fuel cell. 
b17: Write signals detected from the temperature 
sensor S21, pressure sensor S22 and current sen- 
sor S23. 

b18: Determine whether or not the fuel cell is in an 
abnormal condition on the basis of the detected sig- 
nals being written. 

b19: Determine whether or not the duration of the 
abnormal condition exceeds a time limit value (for 
example, two sec). 

b20: Indicate the abnormality if the duration of the 
abnormal condition exceeds the time limit value. 
b21: Perform cooling-down after stopping the fuel 
cell. ^ 
b22: Determine whether or not the battery Is to be 
OFF If determined that the battery is to be OFF, cut 
off connection of the battery and stop operation. If 
determined that the battery is to be ON, return to 
Step b2 and repeat the procedure until the battery 
is turned OFF. 

[0075] Fig.1 0 is a graph, illustrating burden ratios of 
a power source in a power source control method for a 
motor-powered vehicle according to an embodiment of 
the invention. 

[0076] The drawing shows patterns of the load 
change for an electric motor of an motor-powered bicy- 
cle. Generally speaking, the term "load" is referred as 
the requested load inputted through a accelerator grip 
by a driver (for example, intention to accelerate speed or 
to maintain speed at an ascending slope, i.e. a request 
to the output of the electric motor from an driver) or 
referred as the external load applied on an electric 
motor from the external, such as air resistance and 
ascending or descending slope. The load described 
herein shall be the output to be provided by the electric 
motor. This output to be provided should be balanced 
with the external load and increased or decreased in 
response to the external load. In a lightweight vehicle 
such as a two-wheeled vehicle, external load is apt to 
change due to irregular road surfaces, the speed is also 
apt to vary con-esponding to the output change, due to 
its lightweight, and the requested load is further apt to 
change when the driver intends to enjoy his driving. 
[0077] In the drawing, symbol "a" denotes the 
whole load change and symbol "b" denotes part of the 
whole change, the load level of which is lower than that 
of the part "c" of the whole change, that is, symbol "b" 
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denotes the load in the part substantially having no 
change of load (i.e. "base load" referred in this Inven- 
tion). In the invention, the electric power corresponding 
to the base load *b*' is supplied from the fuel cell and the 

5 electric power corresponding to the load of change part 
"c" exceeding the base load is supplied from the battery. 
The load change "c" varies finely with time progress, but 
the base load is maintained at approximately constant 
value and the resultant change pattern is gradual. The 

TO base load "b" as the targeted value for the output of the 
fuel cell is determined depending on the load level. For 
example, it is determined as the given ratio to the aver- 
age value of the changed loads. Also, the rate of the 
base load may be determined corresponding to opera- 

75 tion modes or the like. 

[0078] As the base load "b" which maintain at a 
constant value or changes gradually with the time 
progress, in response to the driving conditions is 
charged on the fuel cell, and the load change part "c" 

20 which has a level higher than the base load and varies 
finely is charged on the battery, the fuel cell having inac- 
tive response can follow the load change slowly during 
long time period and the battery ensures to follow the 
fine change part only, thereby to achieve a driving con- 

25 trol in which superior characteristics of both power 
sources is fully put to practical use and to improve their 
responsiveness to the load. In this case, as the battery 
charges the changed load part "c" only, other than the 
base load "b" among the whole load "a," the burden on 

30 the battery is reduced, resulting in no abrupt application 
of load as well as no abrupt reduction of capacity. This 
causes no shortage of capacity during running and 
therefore the number of miles driven is secured. Fur- 
thermore, long life span is achieved as the deterioration 

35 is suppressed. 

[0079] Fig. 11 is a flow chart for the power source 
control method according to the invention and Fig.1 2 is 
a graph, showing the change of battery capacity in 
ng.li. 

40 [0080] For the battery capacity, if the electrical 
charge is incommensurate, the output becomes short 
and therefore the number of miles driven is not ensured 
with deterioration of the battery being accelerated. On 
the contrary, if the electrical charge is excessive, the 

45 battery is deteriorated due to overcharge or overcurrent 
caused by regenerative current. Accordingly, it is 
desired to maintain the battery capacity at the adequate 
level. 

[0081] In this embodiment, as shown in Fig,1 1 , first 
50 of all, the battery capacity is detected (Step c1). The 
detected battery capacity is discriminated whether 
larger or smaller than the lower limit of warning (Step 
c2). This lower limit of warning may be, for example. 
50% of the maximum capacity. If the battery capacity is 
55 not more than the lower limit (50%) of warning (at the 
point B in Fig.1 2), then the instruction to increase the 
output of the fuel cell is sent (Step c3). in this step, the 
warning may be displayed though LED or the like. The 
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increase of the output of the fuel cell causes the reduc- 
tion of the burden loaded on the battery and therefore 
part of the increase of the output of the fuel cell charges 
the battery to increase the battery capacity. 
[0082] In Step c3, if the battery capacity is not less 
than the lower linnit of warning, then at Step c4 the bat- 
tery capacity is discriminated whether larger or smaller 
than the upper limit of warning. This upper limit of warn- 
ing may be, for example, 70% of the maximum capacity. 
If the battery capacity is not less than the upper limit of 
warning (at the point A in Fig. 12), then the instruction for 
decreasing the output of the fuel cell is sent (Step c5). 
Also, in this step, the warning may be displayed though 
LED or the like. The decrease of the output of the fuel 
cell causes the increase of the burden loaded on the 
battery and therefore the battery discharge increases, 
resulting in the reduction of battery capacity. 
[0083] If the battery capacity is between the upper 
limit and lower limit of warning, normal control of opera- 
tion is perfomied according to the flow chart of the driv- 
ing control program for a vehicle, as shown in Figs 7 and 
8. 

[0084] Thus, the battery capacity can be always 
maintained between the upper usage limit (for example 
80%) and the lower usage limit (for example 40%) by 
comparing the battery charge with the upper limit (70%) 
of warning and the lower limit (50%) of warning and then 
controlling. As a result, the deterioration of battery is 
suppressed. 

[0085] Rg. 13 is a graph, showing the change of 
battery capacity in the power source control method of 
the invention. . 

[0086] At the time T1, if the battery capacity is 
above the upper limit, the output of the fuel cell is 
reduced. As a result, the discharge from the battery 
increases and at the time T2 the capacity is reduced to 
the upper limit, where in turn the output of the fuel cell is 
increased again to return to the original value. In this 
state, normal driving is continued and then at the time 
T3 if the battery capacity is reduced under the lower 
limit, then the output of the battery is increased. This 
causes the discharge from the battery to stop and then 
the charging is performed. At the time T4, if the battery 
capacity achieves the predetemnined level, the output of ■ 
the fuel cell is returned to the original value and then the 
hybrid driving with the battery is performed according to 
the normal control program for driving. 
[0087] Rg.14 is a graph, showing patterns of load 
change according to another embodiment of the inven- 
tion. 

[0088] This embodiment is an example in which this 
invention is applied to a power-assisted bicycle having 
an electric motor, the power-assisted bicycle is one in 
which human power (out put) acting upon the pedals 
can be transmitted to a wheel by a power transmission 
such as a chain, the output of an electric motor is com- 
bined with the human power at any portion of the power 
transmission and the resulting force can be also trans- 



mitted to a wheel. The output of the electric motor shall 
be obtained by multiplying the pedaling force acting on 
pedals by a given positive coefficient. Therefore, the 
output (equal to the load) to be provided by the electric 
5 motor is correlated with the pedaling force. In pedaling 
. operation using the driver's weight, the maximum pedal- 
ing force is limited by the driver's weight and the bottom 
value (minimum pedaling force) in each wave of varied 
pedaling force is approximately zero. Therefore, pat- 
10 terns of load change are shown in Fig. 14. 

[0089] Likely as in the example shown In Fig. 1 0, the 
fuel cell charges a constant base load "b" and the bat- 
tery charges the changed part "c" exceeding the load 
"b." The base load "b" is preset in each driving mode, 
15 based on the output of the known average load level of 
a normal motor-assisted bicycle. As the vehicle control- 
ler of this motor-assisted bicycle has learning function, 
the base load "b" may be set by calculating the average 
load level from the latest running data for every running 
20 mode according to effected by turning on the main 
switch, and correcting the base load "b" for every run- 
ning. 

[0090] When the vehicle is stopped for a short 
period due to, for example the waiting for traffic signals 
25 (time T in the drawing), the fuel cell continues to gener- 
ate power without shut down fuel cell and as a result the 
battery is charged. Provided that the battery capacity is 
not more than the given upper limit. In such a manner 
that the fuel cell does operate during a short time stop- 
30 page of the bicycle, the wami-up time for restart is not 
required and stable output from the fuel cell can be 
obtained. 

[0091] In a case that the base load shall be an 
envelope curve (maximum load line) formed of a line 
35 connecting peaks of varied waves, the battery is always 
charged. In another case that the base load shall be an 
median line between the maximum load line and a line 
connecting valleys of load ivaves, the battery charge is 
balanced with the battery discharge. It Is desirable to 
40 make the base load constant as far as possible. Even if 
it cannot be made constant, it should be set such that 
the absolute of the differential value is smaller than that 
of changed load: 

45 ldb/dtl<ldc/dtl=lda/dtl 

[0092] For example, the base load is set at least 
such that the wave has frequency higher than that 
changed load waves. 

50 [0093] With this configuration, the fuel cell having 
responsiveness lower than that of the battery can also 
follow to generate. In the area where the changed load 
waves is larger than the base load "a," the battery is dis- 
charged and the area where it is smaller, it is charged. 

55 [0094] Also, based on the capacity of a secondary 
battery, the base load "b" may be set larger than the 
median line if the capacity is less than the given value or 
further may be larger than the maximum load line. Sim- 
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ilarly, based on the capacity of the secondary battery, it 
may be set smaller than the median line if the capacity 
Is more than the given value or further may be smaller 
than the minimum load line. 

[0095] Fig. 15 is a flow chart, showing a subroutine 5 
of generation control for determining a temporary stop- 
page and charging the battery. 

[0096] First, at Step d1 , the main stand switch (sen- 
sor 2) of the stand 20 (Fig.3) is determined whether it is 
in ON orOFR If the stand is in use (ON), it is determined io 
as the vehicle being in stoppage and the amount of gen- 
eration is calculated according the stand by mode for 
next driving (Step d7). If the stand is not used (OFF), the 
seat switch (sensor 1) on the seat 8 is determined 
whether it is in ON or OFF (Step d2). If it is not seated is 
(OFF), it is determined as the vehicle being in stoppage 
and the amount of generation is calculated according 
the stand by mode for next driving (Step 67). 
[0097] If seated (ON); it is determined whether or 
; not the right and left feet are on the right and left foot- 20 
rests for more than specified time period (Step d3). This 
is decided depending on the ON/OFF state of the right 
and left footrests. If both feet are on the footrest for more 
than specified time period, the vehicle is determined to 
be in stoppage, the amount of generation is calculated 25 
according to the normal running generation mode (Step 
d6). 

[0098] If seated and the feet rest on the footrests 
("NO" at Step d3), it is detemiined with the signal from 
an encoder, whether the speed of the motor 31 is zero 30 
(or not more than the specified speed) for more than 
specified time period (Step d4). If the speed is not less 
than the specified speed, it is determined that the vehi- 
cle is running (the vehicle Is driven with the driver's foot 
is away from the footrests for the meantime and then the 35 
amount of generation is calculated according to the nor- 
mal running generation mode (Step d6). 
[0099] At Step d4, if the motor speed is zero (or not 
more than the specified speed) for the specified time 
period, it is determined as the temporary stoppage and 40 
then the amount of generation is calculated according to 
the temporary stoppage generation mode (Step d5). 
[0100] Fig. 16 is a graph, showing the change of the 
battery capacity during temporary stoppage. 
[0101] At the time T5, the temporary stoppage of 45 
the vehicle is detected and then the charge is initiated. 
During this temporary stoppage the battery capacity is 
gradually increased, and at T6, the vehicle is started. 
After the start, the battery capacity is gradually reduced. 
Additionally, against the acute increase of the load at so 
start, the output of the fuel cell is also increased. 
[0102] Fig. 17 is a flow chart of another embodi- 
ment of the invention. 

[0103] This embodiment is a power source control 
method for controlling the output of the fuel cell, on the 55 
basis of the calculated average of the output current 
from means for storing the last running state, 
[0104] The operation in each step is as follow: 



Step el: The main switch is determined whether 
ON or OFF. Only if it is ON, the following steps are 
performed. As described in Fig.6, the vehicle con- 
troller 5 transmits or receives a variety of data to or 
from the battery controller 61 and the fuel cell con- 
troller 71. 

Step e2: The data of the mile number of driven from 
the start of running is taken in. The data is detected 
by a distance detection sensor located on the axle, 
then written in a RAM of the battery controller or the 
fuel cell controller, or in a RAM provided in the vehi- 
cle controller and read from them. 

Step e3: The fuel consumption is calculated, based 
on the quantity consumed of methanol fuel from the 
start (the difference between the amount of metha- 
nol fuel remaining in the fuel tank at the start and 
the current amount of methanol fuel remaining in 
the fuel tank. This fuel consumption is used to cal- 
culate the expected number of miles driven for the 
fuel cell. 

Step e4: The capacity consumption of the battery is 
calculated, based on the battery capacity reduction 
data (the difference between current battery capac- 
ity and the capacity at the start of running) and the 
data of the number of miles driven. This capacity 
consumption is used to calculate the expected 
number of miles driven for the fuel cell. 

Alternatively, the expected number of miles 
driven may be obtained by obtaining the data for the 
capacity consumption of the whole vehicle, Includ- 
ing the amount of fuel consumption and the amount 
of battery consumption and calculating the capacity 
consumption of the vehicle. 

For example, if the consumption of the electric 
power supplier (fuel cell) is 100cc/Ah and the 
capacity consumption is 2.0 km/Ah, the expected 
number of miles driven in the case that the remain- 
ing amount of the fuel is 3,000 cc and the remaining 
battery capacity Is 5.0 A/h is: 

(3,000/1 00+5.0) X 2.0 = 70 km 

Step e5: It is determined whether the amount of 
methanol fuel remaining In the fuel tank is not more 
than the specified value. 

Step e6: If the amount of methanol fuel is more than 
the specified value, the display of remaining 
amount Is displayed on a panel as usually. 

Step e7: if the amount of methanol fuel is not more 
than the specified value, it is determined whether 
the remaining amount of the battery is not more 
than the specified value. If more than the specified 
value, then at Step e6, the display of remaining 
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amount of the battery is displayed on a panel as 
usually, as well as that of the methanol fuel. 

Step e8: if the remaining amounts of both the meth- 
anol fuel and the battery are not more than the 5 
specified values, respectively, the warning designa- 
tions are displayed on the panel. 

Step e9: It is determined whether the main switch is 
ON or OFF. If it is ON, the process returns to Step io 
e2 and repeats the flow. If it Is OFF, the process 
goes to Step e1 0. 

Step e10: With the main switch OFF, the average 
current is calculated. This is performed by reading is 
the data which is detected by a current sensor 23 
for the fuel cell and stored in the memory of the fuel 
cell controller 71 , and then calculating the average 
current between the time at the main switch turns 
ON and the present time, on the basis of the 20 
detected data. 

Step el 1 : The average current calculated is stored 
in a nonvolatile memory. On the basis of the aver- 
age current, the output of the fuel cell is set when 25 
the main switch is turned ON next time (for exam- 
ple, initial values and specified base loads, 
described above) 



[0105] In this an^ngement as described above, the 
fuel cell constantly bears a load of a given level as a 
base load portion, and the secondary battery (battery) 
bears a varying load portion exceeding the base toad 
portion. Therefore, electric power Is supplied from the 
fuel cell with constant stability for the base load portion 
which is constant with respect to time or varies slowly 
according to the operating mode, while electric power is 
supplied from the battery for the finely varying load por- 
tion exceeding the base load portion, thereby decreas- 
ing burden of the battery, preventing abrupt capacity 
drop or deterioration of the battery, and ensuring stable 
running by sharing the whole load efficiently between 
the fuel cell and the battery. 

Claims 

1. A power source control method for a hybrid-driven 
mobile body comprising a motor type power system 
for travelling, and a fuel cell (70) and a secondary 
battery (60) as power sources for supplying electric 
power in response to load of said power system, 
characterized in that to a varying load, electric 
power corresponding to a base load portion at a 
given level and with a substantially small variation is 
supplied from the fuel cell (70) and electric power 
corresponding to a varying load portion is supplied 
from the secondary battery (60). 



2. The power source control method for a hybrid- 
driven mobile body according to claim 1, wherein 
said base load portion is increased when the 
capacity of said secondary battery is smaller than a 
specified value, and said base load portion is 
decreased when said capacity is larger than a 
specified value. 

3. The power source control method for a hybrid- 
driven mobile body according to claim 1 or 2, 
wherein electric power Is supplied continuously 
from said fuel cell after stoppage of travelling until 
the secondary battery is recharged to a predeter- 
mined level. 

4. The power source control method for a hybrid- 
driven mobile body according to at least one of the 
preceding claims 1 to 3, characterized in that a 
user is able to input various data into a vehicle con- 
troller (5) to change for example the operating char- 
acteristics of the vehicle. 

5. The power source control method for a hybrid- 
driven mobile body according to claim 4, charac- 
terized in that the vehicle controller (5) controls a 
battery unit (6) having a battery (60) via a battery 
controller (61) and a battery relay (62), and controls 
the fuel cell unit (7) via a fuel cell controller (71) 
which In turn controls the fuel cell (70). 

6. The power source control method for a hybrid- 
driven mobile body according to at least one of the 
preceding claims 1 to 5, characterized in that 
water used in the fuel cell (70) and water produced 
by power generation exchange heat with cooling air 
in a moisture collecting heat exchanger (1 07) and is 
returned to a water tank (108), and hydrogen used 
for power generation in the fuel cell (70) is returned 
to a burner (1 1 0) of a reformer (1 03). 

7. The power source control method for a hybrid- 
driven mobile body according to at least one of the 
preceding claims 4 to 6, characterized in that the 
vehicle controller (5) communicates with an electric 
motor unit (3), battery unit (6) and a fuel cell unit (7) 
through two-way communication lines 
(220,221,222). 

8. The power source control method for a hybrid- 
driven mobile body according to at least one of the 
preceding claims 4 to 7, characterized in that the 
vehicle controller (5) is updated with detected data 
such as the operating conditions of the electric 
motor unit (3). 

9. The power source control method for a hybrid- 
driven mobile body according to at least one of the 
preceding claims 1 to 8, characteriz d in that the 
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battery capacity is maintained between an upper 
usage limit, for example 80%, and a lower usage 
lever, for example 40%, by comparing the battery 
charge with an upper limit of warning and a lower 
limit of warning. 5 



10. The power source control method for a hybrid- 
driven mobile body according to at least one of the 
preceding claims 1 to 9, characterized in that the 
hybrid drive mobile body is a motorcycle, a power io 
assisted bicycle, a wheelchair, a water craft, etc. 
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[FIG. 1] 




[FIG. 2] 
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PFIG. 31 • 
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EFIG. 7] 



Ji 



at 



'or vff«Bi»l 



~ > 

a2 



-s::— 



J 



aa 



<«xt«nMj iltfoU for yrtiol« \ M ,^ 



«in Sir 



I etnc»i g»_f M»ijl yqyor coadi tioa | 
of auvJiAl si 



a7 



YI9' 



al2 



I 



1-*^ afl 
IT JTo 



MlooUt« ««ooodar7 WttfTT oipaclty 



T 



■13 



iUrt»ctfd y%Xm_o£ voXuto/ - 
'cwr«iit/t««MratVr«* ) * 



a14 




BNSDOCID- <EP 1086B47A2J_> 



18 



[FIG, 8] 



EP 1 086 847 A2 



I PC 



a16 



aT6 



liT 



1 T&Uoa 



froo*iT« diiV* froa fu«l c«n1 
g ' ■ 1 at 8 



I 



ON 



atJ a«-rid£M 



botlr r»l&7S of fuel CBll/Mcoadacy b&ctex7 07r 



a24 





itcosdary battary relajr Oil ""^ 



I ftt«l oU relay OH ^ \ L fw»l oil rftiay OT? 1 



026 



92T 



weonlary batcary r«Uy OFT 



\ iadioat» abnoMiality I 

" > 15? 

tinpot aoidr* c arrant v«Jo* 
I oqtpot duty »m^g* I 



•31 



21. 



^ri ta Doa-volatl ie aoaory^ 

; ^ •Hon 

< i»attary <ciuiacVlott Oyr?^> ^^ 



19 



BNSDOCID: <EP 1086847A2J_> 



7 



EP 1 086 847 A2 

4 <• 



{PIG. 9] 



e;apa«etio& 01 
\ iaitUH xation ^ 



^•taod by ia «. 
.signal C<xterni.l)*^ 



/' oaaesl Ui« 

Aam.ll povar coaditlos 

Z5I 



{"perform 



atartiBg (vara up! 



10 w aopply OK? 



abfional r«e«iTin< 



Nov]/ 



I indicate mnd-by 




\ filter Tr.'lt, Tp, Tcj 



[Te aperatgro contfi>l \o prop«r rmi* 
^ ~^ bl6 



/I 



raeai«« Uata. 
froa vahicle 

3 



raceiviof data 
satpaasion/povar 
fanaratfoa iTappaga 



tco»l>ng wiad co atcol 



4atact abDonality of fusl ooll 
fear real, vottaxa and .tiisp«ratxa>e 

- Till 



iaajar* duration of aboormxlit-jp 



3> 



lithia liait 



porfora povar gaaaratie 
b? fuel call 



dataraina xtia 
praaaaca of abnoraaltt 



eoatlDtsadj 



ic praparatloo »f poaar gaaaratiqa to >• ooatiauad? 





ib*jroad Halt 




^ 620 



r ^-1 

of naat call \ 

^ Tj^-s^^ 

^ ^-f< 



'bactary ooaaoatioa Of? 



i3M.«snnrirv ^cp ioa6847A2 I > 



20 



EP 1 086 847 A2 



[pig. lO]' 




BNSDOCID: <EP 1086847A2J_> 



21 



EP 1086 847 A2 





FC 

(?uel cell) 




T1 T2 



BNSEXXJID- <EP 1086847A2J > 



22 



EP 1 086 847 A2 



[Pig. 14] 




tFtg.163 



ttlnimuiD load line 



Upper limit 
B a 1 1 ery c apaci ty — 
Lower limit 



FC 

{fuel cell)' 



Vehlcl-A stoppage. 



K • — —a 



T5 



T6 



BNSDOCID: <EP 1Ca6847A2J_> 



23 



EP1 086 847 A2 



[Fig.isl 




BNsnnrfrv <cp iofvin47A'' • > 



24 



EP 1 086 847 A2 



iaf ormaelon req^eated 





END 



25 



THIS PAGE BLANK tuspro) 



